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FATIONAL ADVI3CHY COWMITTHET FOR A=RONAUTICS
COYFIZENTIAL BULLETIN

TLIGHT INVESTIGATION AT HIGH 3P:LEDS OF FLOW CONDITIONS
OViRk AN ATRPLANE WING AS INDICATED BY SURFACE TUPTS

By Clotalre Vocd and John A. Zalovclk
SUMMARY

Flight tests were made at hich spereds with a
P-47D airplsne to determine the iow chsaracterlstics,
as indicated ky wcol tufts, cn a sectlon of the uprer
surface of the wing. Tle behavior ol the tufts, which
were distributed over a ssction of toe ving lfrom 33.'
to 52.5 percent semlspon, was determined Irom motl
plctures., The tests wsre made in stralght 1light and
In turns under concditions in which eilrplene 11ft coefl-
ficients from 0.10 to 0.54 and alrulane Mach nuabers
from 0.58 to G.78 were obtained.

1 flow
remained smooth over the tse 121 1*11 the erltical
Mach number of the pansl was e cenued 0.00 at a
1ift coefficient of 0.10 and by 0.U5 a “e 110t coefri-
clent of 0,50, Beyond trese Lach numbers, the tults
indicated uncteadlnezs of flow end, inelly, local
separation when the Mach nuiber exceedsd the critclcal
valve by 0,15 st a 11ft cosificient ol C.10 and by C.10
at & lirt cocefflzicnt of 0.50., Tae region ol senaratad
flow originated in the Cl”luﬁrd‘od of 5C o3rcent chord
at hign 11f4% coelflcl nts and L5 perecent chord at low
11t cocificients. ESzparation apocaread to extend over
not more thian 15 percent chard,

The rssulta of the tes 1nd1cat°d that tb
aj

In the course of [light tests rade tc dotermlne the
profile=draz charasteristics of the win. cf a I-;'“ alr-
plane, & few wool tults were festencd to the wing surface
to peralt visual observuticn cf tas olir :tl*n of f‘(v In
the boundery lsycr. TRie behavier ol tac tults st o
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speeds indicated disturbsnces in e flow over the wing,
anrarintly assccliated with comvroscibllity effects, and
suggaated thut tuft odbzervatlens might provice interesting
Infermatlon or flow ovhenomena at righ speeds, A nore
complete tuft instaullaticn was therefore mude ovar a
section of the wing surface betwzen 39.5 and 52.% percent
senispan from the vrlana of symetryr., The tufts were photoe
graphed during flight at hish snaecds, The tests were

made in straight flight snd in turns under condltlons in
which airplane 1'ft coefficlants from 0,10 to 0.54% and
alrplane dach nuibers from 0.53 to .70 w2re obtained.

m™e flow conditlons indlcateZ by the bLehavior of thre

tufts are nresented grarhicallv horein for a few typlcal
flipsht condlticns and ere corrslated with the flicht
conditlions,

APPARATUS AND THSTS

Tufts were locuted cn the uvomer surface of the
richt wing of u P-L7D a’rplang (.ig. 1) at four spun-
wlse stations: 39.5, 3.5, 46, ana 52.5 percent semi-
span from the plane of symmetry (Iii. 2)., The tufis
consisted of strands of white wecol yarn aiianged in
chordwise rows with each rew attuched to the surface
by a continuous strir of btlack "Scoteh" celluleose tape.
Snarwise chali: llaoes ware dprawn on the surface of the
wing at 1atsrvals of 10 percoent chord, and sach line
was ident!f{led by a number Ddeglinuing wlth 1 at the
10=nercent-ctord statlon und continuing throu:h 7 at
the 70-percent-chord statien (fiz. 3).

™o winy of the P=lL7D alr»lane incowncrates
Rarublic S«3 alrfoll aactions, which have rvressurs
distributions similar to thoae of tlie NACA 2%0-serles
gactlong. The avarzge chord ol the test rannl was
abvout 96 inches and the averace thickness was about
12.4 parcsrt chord.

The behavior of thre tufts duriang the tests was
photograpred with a 1{-ntllimeter motion-pleture camera
en~rating at a svced of aoproximately 32 frames per
second. lisasuremznts of nornal acceleration und free-
stream impact preszure were racorded by means of
NACA racording lnstrumenta., The altitude of the tests,
indicated by un altlmeter 1n the cockplt, was noted by
thas pilot.

ONIIDENTTAL
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The tests were made in stral;ht flight and in turms
(ig to L-;-g at un altituds of 20,000 feet and at
fadicated alrspeads from 215 %o 1,03 miles per beur.

Tha sirwlane lach nuxbers ranged from 0,58 to 0,73, an
the «irnlane 1ift cceffliclients rangedé from 0,10 to 0.5

a
4.

PRAESFHTATION OF RLUSTLTS

Ain enlariemant eof one frauce of the meotion-nicture
£11m taken during flicht *s shown as ficure . The
quality o the nroto~-rarhs was, in general, too noor to
varmit setisfactory remrocluction in this form: In fip-
ures 5 to £, there’ore, alctches bused on the orisilnal
potographs are used to 1llustrate, i'or u« few typlcal
flisht conditlons, tle flow couditiors Indlicuted by the
tufts. The flcw conaltlons for varicus alrnlane 11t
coefficients at constunt slrnslanz linch numbers of 0,69
and 0,71 wre shewn in flpnres 5 cnd 6, respactively; the
flow concitlions for various airplane Fuell numbers a
conatunt cir-lane 11ft ceocfflcients of 0.12 and 0.;3 are
shown in figures 7 and 3, r2snectively. Inasmuch as the
fi1ald o7 the cumeru covered only the forwerd 70 to
&0 percaent chord, the flow coinditiorns downstreun of
thias ragion are not lmmoun,

The flow econditions ndicated .y the tufts at
varicus 1liit confflelents und i'ach nvmbarz are suumarized
in flgure @, The internretaution of the behavior of ttre
tulfts is as follows: Tilts lying stralght back und
moticnlars indicate zmooth flow, tufts cscillating
laterally indicate msteady fleow, and tults "floonlng"
arrund leisurely or 1lvins curved on the surface Indicate
flnw senaration. (Compare rizs. L and 6(d).)

The crittesl ach nurber ,p of wing sectlons
at 25 and 63 rercent scm'sran and tle Hach nuiber at
whiclh shock was first evident in the wuile at 6% rercent
samispan vere dntaritnad “rom the results (vnrublicshed)
of otlar Sts of the P-U7D 4irvlase cnd are compared
in flgurz 10 with the Yack nushers at wirlch flow dis-
turbance srd low sevaratlion were flrst ‘ndlcated iIn
the present testz, (®ing stations In rigas. 10 und 11
are desi tad 2y/», whers is *le distance ol the
wing station frem the plane of symuetry and b is the
wlnz span.) Tho determinatloa of ¢he critical Mach

O TTRREPTAT,




ppom ¥




TACA CB 7o, LSE22 COF™IDTHTIAL

11ft coefficlent of 0.50, the [Ilow remained amcoth up

to a Mach numbar of 0.62 ard local {low separation
occurred at a llach aunmber cf 0.€67. Comnarison of these
results with the critlical Lach number in figure 10
tndlcctes that the flow remained smoacth 'mtil the
critical Mach numbar was cxc2eded by 0.0 to 0.03,
Aependineg on 147t coefflicient. Locul senaration of

flow occurred when the critical Mach nimber was exceedand
by 0.10 to 0.,13. The Mach nunber at whlch compressibility
shock was first evldent in the wske ut €3 percent semi-
gvan was arparertly excseded br Q.05 to 0.08 hefore
local flow senaratlon occurrad,

The comnarison in flsure 11 o fMizht and wind-
tuinel results indilecnates that the critlical Mach number
#as 0,05 to 0.0l hisber, dep2ading on lift coafflelent,
in the flight tests thaan in the tests of the 0.%-scale
modz1l of the P-lL7D airnlane In tha ames 16-foot hizh-
sp2ed tunrel. ‘Sre lluch numbar at which local separation
occurredl was 0.02 hi~her in flight then In the tunnzl.
The (lizht an? tunnel reanlts ure therefore in geood
agreemant,

CONCLIDING RWEARES

Plicht t2ats made at hizh sreeds with a P-li7D ulr-
vlane to determine the flow characteristlics, as indlcated
by wool tufts attach:d to a 3z2ction ol the urner surface
of the wing, showed trat the flow remulned cmooth until
the critical Mach number of the wins sectlion wus cxceeded
by 0,08 at & 1!'“°t coafficlient of 0,10 and by 0.05 at a
11ft coe”Clclent of 0.50. DReyond these Much numlers,
the tulta *ndlcated unsteadinsss of "low and, filnally,
local sanaration when tha Much numbor excoed2d the critical
valus bv 2,1% at a Lift ~oefficient of 0.10 and by 0.10
at a 1ift ccef”tcl2nt of 0.50. 7Thz =agion of aeparated
flow originatel in tro naighbori:cod of 30 nercent chord
at hizgh Li’t contrflelents and .5 nercent chord at low
1i¢t coefflicignis. The reglon of sonaratien annsared
to axtend over niot more tuan 15 vere~nt cherd., Com-
narison of these resulits wi'th rcavlts cbtalned in the
Anes 16=toot hiph-spzcd twanel on a 0.3-szuale .sodel of
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Spanwise
location of tufts

=

£

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTIAL

Plgure 2. - Plan view of Republic P=LTD airplane showing
spanwise location of tufts.
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Figure 3.- Test panel on lic P-47D

airplene, gshowing rows 0 43.5, 48,

and 52.5 percent semispan. Numbers jdentify span-
wise lines at rcent chord.

intervals of 10 pe
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Figure 6.~ Flow conditions ot test section
for an olrplane Mach number of O.7.
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